Clonal selection of HIV type 1 variants associated with resistance to foscarnet in vitro: confirmation by molecular evolutionary analysis.
Foscarnet (trisodium phosphonoformate, PFA) is an effective inhibitor of retroviral reverse transcriptase (RT) and is known to block the replication of human immunodeficiency virus type 1 (HIV-1). In this article we analyzed the evolutionary process in generating HIV-1 strains related to drug resistance, using PFA as a selective pressure. PFA inhibited virus replication and protected the virus-induced cell killing, but it did not completely eliminate HIV-1 during the course of 7 weeks of treatment. The nucleotide sequence of the 859-bp DNA fragment spanning the core region of the HIV-1 pol gene was determined for 51 clones obtained from genomic DNA of the HIV-1-infected cells at different time points during PFA treatment. The nucleotide sequence analysis documented the presence of a minor HIV-1 variant prior to the PFA treatment. Molecular evolutionary techniques were utilized to analyze how the minor HIV-1 clones became predominant during this evolutionary process under the selective pressure of PFA. A phylogenetic tree analysis divided these 51 HIV-1 clones into 3 groups. One of the groups consisted of the clones associated with the resistance to PFA. The clones belonging to this group became predominant over time during the course of PFA treatment. Thus, the acquisition of PFA resistance by HIV-1 was considered to be due to clonal selection. Furthermore, among the various amino acid substitutions observed, the substitution of arginine at position 172 by lysine (Arg172Lys) clearly distinguished this group from the others. Since the consistent amino acid substitution observed here has not been identified in the HIV-1 strains resistant to other RT inhibitors, PFA in combination with other RT inhibitors is considered to be a feasible candidate for a convergent combined chemotherapy against HIV-1 in the treatment of patients with AIDS and related conditions.